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ADVANCED TECHNOLOGY PROGRAM

o Materials Technologies
Sladvanced materials
=lmaterials processing
Slmaterials surface dynamics
=Jintegration w/ knowledge tools

o« Chemistry & « Life Sciences
Process Science =IDNA analysis
Slreaction design & processing gJtissue engineering
Sl separations/membranes =Imedical devices
=l high-throughput screening & =l agricultural biotech

synthesis methods

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Project Impact Areas:

=lEngineered Surfaces -- methods to enable reliability,
predictability & extended lifetimes in harsh environments

ElAdvanced Composites -- methods to enable structural
applications with enhanced performance

SlPowder Processing -- methods to enable microstructure
control needed for high-performance components

Sllnnovative Forming -- techniques to minimize post-fab
machining and reduce development cycle time

SlManufacturing Methods for Materials -- methods to
enable process agility or condition-based monitoring

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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Y Automotive Composites Structures:
== High Volume Manufacturing Technology

ADVANCED TECHNOLOGY PROGRAM

Goal: Development of an enabling
composites manufacturing technology to
speed creation of lighter-weight, fuel
efficient and corrosion-free vehicles.

Key Technical Challenge: Development
and integration of robust high-volume
manufacturing processes for large
structural components such as pickup
beds.

Core Innovation: New powder preform,

General Motors,

injection molding and assembly Daimler Chrysler, Ford Motor Co.
processes enabled cost-effective Start/End: 03/95 to 02/97
production of large, lightweight complex ATP funds: $3.273 K

parts.

University of Detroit Mercy
10 small business subcontractors

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Goal: Increase power output of an ultrasonic motor
by a factor of 4-10X enabling sonochemistry
applications for:

glenhanced oil recovery

glde-vulcanization of rubber

glincreased seed germination yield

Key Technical Challenge: Current materials cannot
handle extreme forces, heat or mechanical instability
generated by high ultrasonic power and magnetic
hysteresis.

Core Innovations:

ElMaterials design to control microstructure,
tailoring mechanical, thermal, magnetic properties
EINon-linear modeling and design stabilizes thermal
and mechanical loading

glFeedback control for load change damage
prevention

glinvention of new power amplification

Y Development of TERFENOL-D
High-Powered Ultrasonic Transducer

for Use in Sonochemistry

ETREMA Products, Inc.
Start/End: 10/97 to 06/00

ATP funds: $699 K

lowa State Univ.
Univ of Maryland
Univ. of Calif Berkeley

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Y Development of Improved Functional
Properties in Renewable-Resource-Based,
Biodegradable Plastics
Goal: Improve the properties of a potentially- N W |< L
inexpensive, biodegradable plastic (polylactide or a,tu re or S
PLA) which is produced from corn sugar. @w,.MWLE
Replacing petroleum-based plastics with PLA ,

could help the economy become more
environmentally sustainable.

Key Technical Challenge: Low heat-resistance is
the major shortfall of any PLA that has been
produced in the past. Without a technology for
increasing its melting point and heat-transition
temperature, PLA will not be able to compete
against existing, commercially-successful
petroleum-based plastics.

Core Innovation: Crystallinity is a key variable for
increasing heat-resistance in PLA. The project
resulted in an understanding of and methods for
crystallinity control in PLA over a wide range of
processing conditions.

Cargill Dow Polymers, LLC
Start: 2/95 to 1/98
ATP funds: $1,994 K

5 Universities + 2 small mfg-ers

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Cost-effective design methods for environmentally
benign routes to materials, chemical building blocks,
Industrial gases, drugs, food processing etc.

Project Impact Areas:

SlReaction Design -- active site design tools and methods
to speed development cycle of catalytic and biocatalytic
processes and enable whole new chemistries

SlProcess Science -- methods to integrate advanced
reaction design techniques and product recovery
technologies into cost-effective processes

SlHigh Throughput Methods -- combinatorial methods
for material design, reaction engineering, and processing
techniques

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Polar Tolerant Organometallic

Catalytic Technology for

Functionalized Linear Polyolefins

Goal: Design methods for a new family of
polymer catalysts for producing chlorine-free
plastic film with superior processing stability,
oxygen barrier rating, and biodegradability, as
for food packaging.

Key Technical Challenge: Polymerization
systems are typically unable to tolerate polar
heteroatoms such as oxygen or nitrogen, thus
requiring high-purity starting materials and
activating cocatalysts.

Core Innovation: This new nickel-based
catalyst system overcomes these limitations.
New modular ligand design methods afford
unigue control over polymer properties and
structure.

 ju

Scien

sy 2000
A -5

Vol ZEF  Ho. 5452

Cryovac, Inc. North America,
Sealed Air Corp.
(formerly W.R. Grace)

Start/End: 10/95 to 10/98
ATP funds: $2,000 K

California Inst. of Technology

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Y Continuous Biocatalytic Systems
for the Production of Chemicals
from Renewable Resources

] T

Goal: Develop a new, lower-cost, single-step,
environmentally-sustainable, biocatalytic 2-KLG «— 25-DKG
technology that can replace the multi-step,

chemical processes which are currently used to

produce important chemicals such as Vitamin C. e

Key Technical Challenge: Any process must
perform reactions which are normally NADP*  NADPH
incompatible (oxidation and reduction) in the U
same ‘micro-reactor’ (e.g., microbial cell).

Core Innovations: Recruit enzymes from :
different microorganisms to engineer a single Glucose ———» GIUCQ“'C
organism which can do the entire conversion. Acid
Engineer key enzymes onto a microbial

‘scaffold’ to increase enzyme life and substrate
turnover through the pathway.

2-KDG

Genencor, Eastman Chemical,
Electrosynthesis, Microgenomics

and Argonne National Lab.

Start: 9/95 to 9/00

ATP funds: $15,623 K

Rutgers University & Univ. of Tennessee

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

DNA Analysis & Gene Expression

Provide low cost DNA analysis for broad application:
health, agriculture, food technologies, bioprocessing

Project Impact Areas:

Elcomplete systems -- one chip or cartridge systems
Slhybridization arrays -- parallel analysis w/DNA probes
Slmicrofluidic devices -- moving fluids on chips
Slelectrophoresis -- DNA sequencing

=lmass spectrometry -- genotyping, products of
seguencing reactions

=lenzymology and chemistry -- reagents for
sequencing and amplification of DNA

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Y Miniature Integrated Nucleic AciD
(MIND™) Diagnostic Development

THE WORLD'S LARGEST SCIENCE & TECHROLOGY MAGAZIINE

Goal: Develop miniaturized integrated DNA 0 UIar E%E%E
diagnostic system for clinical applications.
=
c ence WATCH BB

Key Technical Challenge: Integration of all Your Genetic st
the processes in DNA analysis into a single ID c

chip/cartridge format to enable, with database al‘ |

technologies, user friendly DNA diagnostic Now, Know

Your Risk for
Deadly Diseases
...and How to

systems for clinical use.

Core Innovation: Integrate photolithography FightThem
' The H

and _DNA probe synthesis method_s to T e | SMARTER PCs

fabricate dense DNA arrays. Fabrication HURRICANES | for $1660 $500

methods of chips for electrophoresis analysis
(96 lanes) comparable in resolution to
conventional method. Integrate all steps
from sample preparation to DNA analysis
(hybridization or electrophoresis) onto a Start/End: 02/95 to 01/00

single chip/cartridge. ATP funds: $31,500 K

ler 6 Universities, 5 small business
National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce

Affymetrix, Amersham Pharmacia
Biotech (Molecular Dynamics),
Molecular Applications Group
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ADVANCED TECHNOLOGY PROGRAM

- 1) Development of a Generic Technology for the
Targeted Detection of Cleavage of DNA and RNA
2) Simple, Generic, Low Cost Genetic Based Tools
for Disease Detection, Monitoring and Intervention

Goal: 1) Development of Cleavase™
enzymes for cleaving of doubly
stranded DNA at a variety of mismatch
sites. 2) Development of isothermal
based DNA amplification and its
application to inexpensive diagnostics.

Key Technical Challenge: Integration
of the two unique methodologies into
a simple format for rapid inexpensive
DNA diagnostics.

Core Innovation: 1) Development of a
robust cleavase enzymology with a low
cost production method.

2) Development of a robust isothermal
DNA amplification technology.

Schematic of the Invader~ Assay

w. Tap e flap
\ WT Probe \ MT Frobe
Primary Invader & 3 Primary Invades & ¥
g 5 x

3
T 5 k) a

a
WT Target MT Target
released 1Ia.p released rlap /

FRET alige FRET align

Fluorescence Fluorescence
for WT far MT

Third Wave Technologies

Start/End: 01/95 to 12/96
10/97 to 09/99

ATP funds: $2,000 K each

University of Wisconsin

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Tissue Engineering

Provides synthetic bioequivalent biocompatible
organ replacements.

Project Impact Areas:

xenotransplantation -- organs, tissues and cells
scaffolding -- cartilage, bone, vascular systems
human cell culture -- liver, blood, pancreas
encapsulation -- cells producing therapeutics (insulin)
animals as bioreactors -- vaccines, specialty proteins

(T T T

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Ex vivo Production of Universal Red
Blood cells and Platelets in a
Biocompatible 3-D Tissue Scaffold
Goal: Develop an alternative source of red
blood cells through production of universal

red blood cells and platelets in a
biocompatible, 3-D scaffold.

Key Technical Challenge:
ElHematopoietic stem cell survival in cytokine

free static Cellfoam_ cultures. | Cellfoam is a unique,
g/Four month survival of HSCs in the absence three-dimensional
of cytokines. cell growth matrix

ElCulture, harvest, and analyze isolated cells.

Core Innovation: Utilize the Cellfoam platform Cytomatigggine.
to support continuous, steady state perfusion Start/End: 01/98 to 12/00
of cultured cells to demonstrate the ability to '
expand and maintain multipotency of HSC ex

vivo for extended periods.

ATP funds: $1,319 K

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Goal: Develop transgenic pigs as a
universal source of donor organs for
transplantation that incorporate
human genes to eliminate hyperacute
rejection (HAR).

Key Technical Challenge:

Generate transgenic founder pigs with
high levels of expression of protective
factors. Evaluate natural antibody
reactivity and complement regulatory
function in a pig to primate model
transplant system.

Core Innovation: Attempt to eliminate
HAR by genetically engineering pig
tissue to express a human inhibitor
(CD59), and a human blood group
enzyme (H-transferase).

Universal Donor Organs
for Transplantation

Transplanted
Cells/Tissues/Organs with
inserted human genes
resist rejection

Insertion of human
immunoprotective
genes into pigs

Isolate transgenic
Cells/Tissues/organs

Transplant Protected
Cells/Tissues/Organs into Patient

Alexion Pharmaceuticals, Inc.
Start/End Dates: 9/95 - 9/99
ATP funding $2,000 K

Tufts University
Oregon Health Sciences Univ.

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

Structurally New Biopolymers
Derived from Alpha-L-Amino Acids

— — e S = e i

]
e S - e
e gy e

-

Goal: Develop new class of bioabsorbable

polymers based on tyrosine for use as pins
and screws in the repair of fractured bones Tt z-[11111111111111'['
as areplacement for metal and other ' iy
non-resorbable materials currently used.

Key Technical Challenge: Synthesis and
characterization of bioabsorbable tyrosine
polycarbonates. Studies to determine key
properties: mechanical, resorption and
biocompatibility. No harmful byproducts
can be released upon degradation.

New Bone Bridging the Implant

Core Innovation: Successful development of
a process to produce commercial quantities
of tyrosine-based polymers at $3-5/gm

Integra Life Sciences Corp.
Start/End: 01/94 to 04/97
ATP funds: $2,000 K
Rutgers University
Hospital for Joint Diseases

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

 Increasing complexity of materials and
manufacturing at smaller dimensions

 Incorporating knowledge of biological
systems into material design methods
=]l bio-active, bio-mimetic, biodegradable, self-assembly
« Integrating high-throughput, lifetime
simulation, and novel CAD technigues Into
material and process design methods

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

« Integrating high-throughput methods and
computational tools

=/ materials design & discovery
=l process development: micro reactors

« Bioprocessing for chemicals & materials
o Green chemistry

o Reducing process complexity

=Elnovel reactor concepts to reduce number of
operations or enhance process agility

Elsmart materials for membranes

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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ADVANCED TECHNOLOGY PROGRAM

« Gene Therapy: placing genes in living systems which express
specific therapeutic proteins

o Stem Cells: controlling the maturation & development of a
functional cell from its uncommitted form for therapeutic
transplantation.

o Structural Biology & Proteomics: methods for using genomic
& protein structure data (eg, function & expression) for complex
biosystems to design diagnostics & therapeutics

o Vaccines: applying molecular biology design methods to trigger
Immunity
o Biosensors: in vivo biocompatible sensors

« Nanotechnology: uses in tissue engineering, biosensors and
DNA diagnostics

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce
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Bone-growth factors or stem
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PANCREAS
nsulin-manufacturing cells are har-
vested from pigs, encapsulated in
membranes, and injected into the
abdomen. The meathod has been
tested in animals and could be in
human trials in two years.
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ADVANCED TECHNOLOGY PROGRAM

o Clarify with industry input how world-class high risk
engineering and innovative systems integration can
meet ATP criteria

o Increase collaboration with mission agencies to
enhance industry understanding of ATP niche In
biotechnology, materials science, and chemistry

« Participate in cross-technology teaming w/NIST labs
and industry to refine NIST competencies that support
tissue engineering and combinatorial methods.

« Expand educational outreach to industry concerning
protection of human and animal subjects in research.

N H National Institute of Standards and Technology ® Technology Administration ® U.S. Department of Commerce



